Background and Objectives The aim was to systematically review whether the reporting and analysis of trial-based cost-effectiveness evaluations in the field of obstetrics and gynaecology comply with guidelines and recommendations, and whether this has improved over time. Data Sources and Selection Criteria A literature search was performed in MEDLINE, the NHS Economic Evaluation Database (NHS EED) and the Health Technology Assessment (HTA) database to identify trial-based costeffectiveness evaluations in obstetrics and gynaecology published between January 1, 2000 and May 16, 2017. Studies performed in middle-and low-income countries and studies related to prevention, midwifery, and reproduction were excluded.
Key Points for Decision Makers
The quality of the statistical analysis and reporting of trial-based cost-effectiveness evaluations in obstetrics and gynaecology is poor with only a minority of studies presenting measures of statistical uncertainty around cost-effectiveness estimates.
Exploratory analyses indicated that there have been no significant improvements over time in reporting or statistical quality in gynaecology, whereas in obstetrics a significant improvement in reporting and statistical quality was found over time.
Improvement in reporting and statistical quality of trial-based cost-effectiveness evaluations is needed to ensure reliable results and conclusions as well as efficient allocation of scarce resources in healthcare.
Background
To inform decisions about the allocation of scarce healthcare resources, decision makers need information on the relative efficiency of alternative healthcare interventions, which can be provided by cost-effectiveness evaluations [1] . These cost-effectiveness evaluations are increasingly being conducted alongside controlled clinical trials (i.e. so-called trial-based cost-effectiveness evaluations) [2] . Failure to adequately conduct, analyse and/or report such cost-effectiveness evaluations can lead to biased conclusions, resulting in inappropriate healthcare decision making, and thus a possible waste of scarce resources.
A growing number of cost-effectiveness evaluations in obstetrics and gynaecology are being conducted. To illustrate, a basic MEDLINE search combining search terms related to 'obstetrics' and 'gynaecology' and the MeSH term 'cost-benefit analysis' showed an increase in the number of published cost-effectiveness evaluations per year, from 32 in 2000 to 112 in 2015. A large share of these cost-effectiveness evaluations were conducted alongside a clinical trial. Interventions compared in these trials often concern induction of labour, hysterectomy (i.e. surgical removal of the uterus) and care arrangement (e.g. specialist nurse providing treatment vs physician providing treatment). Outcomes of these cost-effectiveness evaluations are usually expressed in clinical outcomes; for example, the number of caesarean sections or admission to intensive care. Costs associated with these interventions usually consist of materials used and occupation of caregiver or labour/operating room. Properly conducted cost-effectiveness evaluations in obstetrics and gynaecology can help to prevent wastage of scarce resources. This is important since obstetrics/gynaecology is a major contributor to total healthcare costs. For example, in a Dutch economic analysis comparing methods of induction, the costs of this specific obstetric procedure were estimated to be €1.4 million [3] .
Reviews on the reporting and statistical methodology of trial-based cost-effectiveness evaluations show that major deficiencies are generally present in the way in which such evaluations are reported [4] [5] [6] [7] and analysed [8] [9] [10] . This led Doshi et al. [8] to conclude that the results of trialbased cost-effectiveness evaluations need to be interpreted with caution due to the poor quality of the statistical approach. The majority of these reviews, however, only evaluated reporting quality [4] [5] [6] [7] of trial-based cost-effectiveness evaluations and the only reviews that evaluated the statistical quality [8] [9] [10] were conducted over a decade ago. In the meantime, however, guidelines and recommendations [11] [12] [13] [14] for trial-based cost-effectiveness evaluations have been updated and more researchers have been trained in the conduct of cost-effectiveness evaluations. In the field of obstetrics and gynaecology, methodological reviews showed similar characteristics (i.e. only evaluated reporting quality) [15, 16] .
Objectives
This study aimed to explore whether the quality of reporting and the statistical methods of trial-based costeffectiveness evaluations in obstetrics and gynaecology are in accordance with the most recent guidelines and recommendations, and whether both have improved over the past 16 years.
Methods
This systematic review, conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [17] , included trialbased cost-effectiveness evaluations in the field of obstetrics and gynaecology that were published from January 1, 2000 up to May 16, 2017 . A search was conducted in MEDLINE, the National Health Service Economic Evaluation Database (NHS EED), and the Health Technology Assessment (HTA) database. The development of the earliest guidelines took place in 1996 [18] , therefore the year 2000 was used as the start date to allow for implementation of the guidelines.
Search Strategy
Databases were searched with terms related to the research field (e.g. 'gynaecology', 'obstetrics' or 'pregnancy') and study design (e.g. 'cost-utility analysis', 'economic evaluation', 'cost effectiveness' or 'economic analysis') in the title, abstract, and MeSH headings or keywords. The full PubMed search is available in Appendix S1 (see electronic supplementary material [ESM] ). The electronic search was supplemented by searching reference lists of relevant review articles and of the retrieved full texts. During the search, a search log was kept consisting of keywords used, searched databases and search results. Titles and abstracts of the retrieved studies were stored in an electronic database using EndNote X7.4
Ò (Thomson Reuters, New York, NY, US).
Study Selection
Two reviewers (ME and JMvD) independently screened titles and abstracts of identified studies for eligibility. Studies were included if they reported an economic evaluation alongside a controlled trial in obstetrics or gynaecology and concerned a cost-effectiveness analysis (CEA) and/or a cost-utility analysis (CUA). Cost-benefit analyses and cost-minimization analyses were excluded since healthcare decision makers are typically interested in CEAs and CUAs, and because statistical methods may differ across these kinds of economic evaluations [1] . Both randomized and non-randomized studies were included in the review. Papers had to be published as full papers and written in English. Furthermore, this systematic review focused on therapeutic procedures (e.g. surgical treatments, induction of labour, etc.) in obstetrics and gynaecology. Therefore, studies describing interventions related to prevention and screening as well as training of healthcare staff were excluded. Moreover, studies related to reproductive medicine (i.e. fertility) were also excluded. Finally, we specifically focused on high-income countries (e.g. countries in Europe and North America) as we expected costeffectiveness evaluations from low-/middle-income countries to systematically be of lower quality and therefore result in significantly lower scores, whereas cost-effectiveness evaluations are mostly conducted in high-income countries (i.e. 83% of the total published cost-effectiveness evaluations) [19] . Methodological issues are typically present in cost-effectiveness evaluations from low-/middleincome countries, such as scarcity and quality of the data used, trials that do not prioritize economics and absence of cost accounting systems [20] , which makes it difficult to compare evaluations between high-income and low-income countries.
Full texts were retrieved when studies fulfilled the inclusion criteria or if uncertainty remained about the inclusion of a specific study. All full texts were read and checked for eligibility by two independent reviewers (ME and JMvD). To resolve disagreement between the two reviewers, a consensus procedure was used. A third reviewer (JEB) was consulted when disagreements persisted.
Data Extraction
Two reviewers (ME and JMvD) independently extracted data from the included studies using a standardized extraction form. Agreement between the reviewers was checked during a face-to-face meeting, and a consensus procedure was used involving a third reviewer (JEB) if necessary. The first part of the extraction form focused on general study characteristics (e.g. year of publication, country), healthcare delivery (i.e. primary or secondary care), medical discipline (i.e. obstetrics or gynaecology), and the design of the trial (i.e. non-randomized study [NRS] or randomized controlled trial [RCT] ). The second part focused on cost-effectiveness evaluation design aspects: type of evaluation (i.e. CEA or CUA), study perspective (e.g. healthcare perspective, societal perspective), study population, follow-up period, comparator and outcome measures. The third part focused on the statistical approach of the trial-based cost-effectiveness evaluation and is described in Sect. 2.5.
Reporting Quality of Trial-Based Cost-Effectiveness Evaluations
Reporting quality was assessed using the Consolidated Health Economic Evaluation Reporting Standard (CHEERS) statement [11] that provides concrete recommendations to optimize the reporting of cost-effectiveness evaluations. Recommendations are subdivided into six main categories: (1) title and abstract, (2) introduction, (3) methods, (4) results, (5) discussion and (6) other. For a detailed description of the CHEERS statement, the reader is referred to Husereau et al. [11] . The full CHEERS statement is provided in Appendix S2 (see ESM). As the focus of this study was to evaluate trial-based cost-effectiveness evaluations, modelling-related criteria in the statement were omitted (i.e. items 15, 16 and 18) . This resulted in a modified CHEERS statement with 21 items that were answered by 'yes/no'. Studies fulfilling the criteria mentioned in the items were scored 'yes' and assigned a score of 1 per correct item ('no' was scored as 0). Answers were compared between the two reviewers and disagreements were discussed until consensus was reached.
An overall reporting quality score ranging from 0 to 21 was calculated by adding up the number of items that were scored 'yes'.
Quality of the Statistical Approach of TrialBased Cost-Effectiveness Evaluations
To evaluate the quality of the statistical approach, four quality domains were identified based on existing guidelines [12] [13] [14] . These domains, including their subdomains, are described below.
1. Analysis of incremental costs: This domain consisted of three sub-domains. First, we assessed whether the cost difference was presented ('yes/no'). Studies presenting cost differences were scored as handling this sub-domain appropriately (score = 1); all others as inappropriate (score = 0). Second, we assessed the method for estimating the statistical uncertainty surrounding the cost difference, while accounting for the skewed distribution of cost data. Studies using nonparametric bootstrapping or a gamma distribution in combination with multivariable regression methods were scored as handling this sub-domain appropriately (score = 1); all others as inappropriate (score = 0) [14, [21] [22] [23] . Third, trial-based cost-effectiveness evaluations are typically underpowered for economic outcomes [24] . Consequently, researchers are recommended to use estimation (i.e. confidence intervals) rather than hypothesis testing (i.e. p values) [25] . Therefore, studies presenting confidence intervals were scored as handling this sub-domain appropriately (score = 1); all others as inappropriate (score = 0). An overall domain score was calculated by adding up the studies' scores per sub-domain (1 point per correct sub-domain, maximum score = 3). 2. Analysis of cost-effectiveness: This category consisted of three sub-domains. First, we assessed whether the authors presented an incremental cost-effectiveness ratio (ICER) ('yes/no'). Studies presenting an ICER were scored as handling this sub-domain appropriately (score = 1); all others as inappropriate (score = 0). Second, the method for dealing with sampling uncertainty surrounding the ICER was assessed. Nonparametric bootstrapping is considered the most appropriate method and is recommended by current guidelines [12] [13] [14] . Therefore, studies using nonparametric bootstrapping were scored as handling this sub-domain appropriately (score = 1); all others as inappropriate (score = 0). Third, we assessed whether the presentation of the uncertainty surrounding the ICER was adequate. Bootstrapped cost and effect data can be plotted in a cost-effectiveness plane (CE plane), which graphically presents the uncertainty surrounding the ICER [26] . Furthermore, the joint uncertainty surrounding costs and effects can be presented in a cost-effectiveness acceptability curve (CEAC) [27] . Presentation of 95% confidence intervals around ICERs is not considered appropriate due to interpretation issues when statistical uncertainty surrounding the ICER is distributed across more than one quadrant in the CE plane [28] . Studies presenting a CE plane and a CEAC without 95% confidence intervals around ICERs were scored as handling this sub-domain appropriately (score = 1); all others as inappropriate (score = 0). An overall domain score was calculated by adding up the studies' scores per sub-domain (1 point per correct sub-domain, maximum score = 3). 3. Handling of missing data: Multiple imputation (MI) is currently considered the most appropriate method for dealing with missing cost data [13, 14] , while maximum likelihood approaches (e.g. expectation-maximization algorithm) are also considered to result in valid estimates [13, 29] . However, this only applies when the missingness of data has a relationship with observed factors among participants, but not with unobserved factors. This is often referred to as the Missing At Random (MAR) assumption [25, 30, 31] . Therefore, studies using one of these approaches were classified as handling this domain appropriately (score = 1); all others as inappropriate (score = 0). Furthermore, studies with only a small amount of missing data (i.e. in our review we used a threshold of B5%) that used a complete-case analysis were also classified as handling this domain appropriately (score = 1). When [5%, but \10% of data is missing, more simple imputation techniques might be preferred over MI, purely for practical reasons [32] . 4. Addressing uncertainty (sensitivity analysis): Three types of uncertainty are inherent to trial-based costeffectiveness evaluations: parameter uncertainty (i.e. uncertainty due to variables that might influence results, such as unit costs), methodological uncertainty (i.e. uncertainty due to the use of different methods for analysis) and subgroup uncertainty (i.e. uncertainty due to possible differences across subgroups of participants) [33, 34] . To assess the impact of these types of uncertainty on the robustness of the results, sensitivity analyses should be undertaken [25] . Studies performing at least one of the three types of sensitivity analyses were classified as handling this domain appropriately (score = 1); all others as inappropriate (score = 0).
An overall quality score of the statistical approach, ranging from 0 to 8, was calculated per study by adding up the number of overall sub-domains that were scored 'yes'.
See Table 1 for a summary of appropriate methods per domain.
Statistical Analysis
To describe the included studies' reporting and statistical quality, descriptive statistics were used. To explore whether quality improved over time, linear regression analyses were performed; one with the overall reporting quality score as dependent variable and one with the overall quality score of the statistical approach as dependent variable stratified for medical discipline (i.e. obstetrics and gynaecology). The year of publication was used as an independent variable resulting in the regression model described below. Analyses were conducted using STATA 14 Ò .
Score ¼ b0 þ b1 Á ðPublication yearÞ þ e 3 Results
Literature Search and Study Selection
The electronic search identified 5482 potentially eligible studies. After removing 246 duplicates, 5236 studies were screened on title and abstract. The reviewers disagreed on the inclusion of 112 (2%) studies, resulting in an inter-rater agreement of 98%. Seventy-one studies were retrieved for full-text screening. In four cases, consensus was reached by asking a third reviewer. After the full-text screening, 44 studies were included. One study [79] was identified through reference checking and was also included in the review (Fig. 1 ). This resulted in 45 studies included for review.
Study Characteristics
Study characteristics are reported in Table 2 . Just over half of the studies were conducted in gynaecology (56%; n = 23). Most studies conducted a CEA (87%; n = 39), and five (11%) studies [46, 49, 52, 69, 77 ] conducted a CUA. One (2%) study [79] conducted both a CEA and a CUA. The hospital perspective was used in 28 (62%) studies [35-38, 40-45, 47-50, 53, 55, 59, 60, 62, 65-68, 71, 73-75, 78] , followed by the healthcare perspective (22%; n = 10) [39, 46, 51, 52, 54, 58, 63, 69, 70, 77] and the societal perspective (12%; n = 5) [56, 57, 64, 76, 79] . In two (4%) studies [61, 72] , the perspective was unclear. Twenty-eight (62%) studies [35, 38- [54, 71] were conducted over multiple countries and one (2%) study [55] did not report the country where the study was conducted, but the authors' affiliation was from the Republic of Ireland. At least one of these sensitivity analyses performed CE plane cost-effectiveness plane, CEAC cost-effectiveness acceptability curve, EM expectation-maximization, ICER incremental cost-effectiveness ratio a If the appropriate method was used, a score of 1 was rewarded. All other methods resulted in a score of 0
Reporting Quality of the Trial-Based Cost-Effectiveness Evaluations
Results of the reporting quality assessment are presented in Table 3 . The overall reporting quality score (with a maximum of 21) ranged from 1 to 17 (mean 8.8; SD 4.8; median 8). Twenty-seven (60%) studies [35-39, 42-47, 49-51, 53, 55, 56, 58-62, 66-68, 72, 78] did not adhere to C50% of the items (i.e. having a score B10) of the CHEERS statement; one (2%) study [76] had a score of 17 (81% of the items were scored positively). Criteria that were often adequately described in the studies were the title (n = 40; 89%), the target population (n = 30; 67%) and the comparators (n = 33; 73%). Criteria that were least appropriately described were the abstract (n = 4; 9%), setting and location (n = 4; 9%) and choice of health outcomes (n = 6; 13%). 
Quality of the Statistical Approach of Trial-Based Cost-Effectiveness Evaluations
Results of the quality assessment of the statistical approach are presented in Table 4 . The overall quality score of the statistical approach per study ranged from 0 to 6 (see Table 4 and Appendix S3 in ESM for scores per sub-domain). Six (15%) studies [36, 37, 46, 56, 60, 78] did not use any of the recommended methods (i.e. overall quality score = 0). Furthermore, 32 (71%) studies [35-40, 42-51, 53, 55, 56, 58-62, 65-68, 70, 72, 76, 78] did not adhere to C 50% of the statistical quality items (i.e. having a score B4). None of the studies (see appendix S3, ESM) used the recommended statistical method to assess the cost differences between interventions. Furthermore, no study used more advanced methods for handling missing data (i.e. multiple imputation or maximum likelihood approaches).
When there was \10% missing data, more simple techniques were used in 16 (36%) studies [39, 45, 48, 49, 54, 55, 57-59, 62, 63, 66, 68, 73, 75] . Of note, no study looked into the clustered nature of the data by using methods that correct for clustering.
Improvement in Quality Over Time
Exploratory analyses showed that the reporting and statistical quality score of studies in gynaecology did not significantly improve over time. However, the statistical quality and reporting quality scores in obstetric studies did significantly improve over time. Goodness-of-fit estimates showed that the amount of variance in quality scores explained by time was only limited (Table 5 ).
Discussion

Main Findings
The majority of cost-effectiveness evaluations in obstetrics and gynaecology do not comply with current reporting guidelines and recommendations for statistical methods in trial-based cost-effectiveness evaluations. Furthermore, exploratory analyses indicated that there have not been significant improvements over time in reporting and statistical quality of trial-based cost-effectiveness evaluations in gynaecology. In obstetrics, the quality of reporting and analysis slightly improved over time.
Interpretation of the Findings
None of the included studies fully complied with the CHEERS statement's reporting criteria [11] and the median reporting quality score of the included studies was Table 3 Reporting quality score using the CHEERS checklist Kovac [53] relatively low (i.e. median 8, scale 0-21). This indicates that essential reporting components were missing, which can lead to faulty conclusions by researchers and healthcare decision makers. In particular, the failure to describe the setting in which the studies were performed (i.e. the place and setting in which the resource allocation decision needs to be made such as country, primary or secondary care and healthcare system) makes it difficult to assess the relevance or transferability of cost-effectiveness evaluation results [80] . None of the included studies fully complied with the statistical recommendations extracted from existing guidelines [12] [13] [14] . Various statistical pitfalls of the included studies are noteworthy. First, some studies presented an analysis based on median costs instead of mean costs, yet the median is a measure that is not easily interpretable or usable for healthcare decision makers [25, 81, 82] . Second, ICERs were only reported by less than half of the studies. Moreover, since ICERs have well known interpretation problems, reporting 95% confidence interval surrounding ICERs is not recommended [26, 28] and presentation of uncertainty using CE planes and/or CEA curves is preferred. Nonetheless, only a small number of studies adequately presented the statistical uncertainty around the ICERs. Last, one third of the included studies relied on naïve and outdated statistical techniques for dealing with missing data (e.g. mean imputation, last observation carried forward) rather than using more advanced and valid methods such as multiple imputation and maximum likelihood approaches [83, 84] . These shortcomings in the quality of the included studies may result in either under-or overestimated cost-effectiveness outcomes.
Strengths and Limitations
A strength of this review is the systematic way in which studies were included and assessed, increasing the validity of the review. Also, to the best of our knowledge, this is the first review that combined the assessment of reporting quality with a comprehensive and in-depth evaluation of the statistical methods based on up-to-date national and international recommendations. However, several limitations need to be mentioned as well. First, in order to keep this review manageable, we focused on trial-based costeffectiveness evaluations in obstetrics and gynaecology. Further research is needed to assess whether these results are representative of trial-based cost-effectiveness evaluations in other clinical areas. Second, reviewers may have been subjective in their judgements of quality, because they were not blinded for authors, authors' affiliations and journals. However, the quality assessments were done using objective criteria [11] [12] [13] [14] by two independent [86, 87] . Last, some of the included studies lacked transparency in how they designed and conducted their trial-based costeffectiveness evaluations (i.e. poor reporting quality). This made it difficult to extract some of the data necessary to appropriately evaluate the quality of included studies, which affected the overall quality score negatively.
Comparison with the Literature
Our study adds to existing reviews in several ways. First, the majority of the previous reviews only assessed reporting quality and only a small number of reviews [8] [9] [10] , which were conducted over a decade ago, evaluated the statistical quality of the included studies. Since then, however, statistical methods have improved considerably. Moreover, compared with previously conducted reviews in obstetrics and gynaecology, we performed an in-depth evaluation of the statistical methods. Regardless, results of this systematic review are in line with those of previously conducted reviews, which concluded that the reporting and quality of the statistical approach of trial-based cost-effectiveness evaluations are typically poor [4] [5] [6] [7] [8, 9] [15, 16] . However, these earlier methodological reviews in the field of obstetrics and gynaecology concluded that their quality improved over the last decades. This is in contrast with our exploratory analyses, which only showed a significant quality improvement over time in obstetrics and not in gynaecology. This discrepancy may be explained by our strict assessment of quality based on the most up-to-date evidence. All in all, our review suggests that, even though various efforts have been made during the last decade to improve the reporting and statistical quality of trial-based cost-effectiveness evaluations, there is still substantial room for improvement in the area of obstetrics and gynaecology. Further research should indicate whether this applies to other medical disciplines as well.
Implications for Further Research and Practice
Future trial-based cost-effectiveness evaluations should increase their adherence to available guidelines and recommendations to improve their credibility. Up to now, however, no criteria list of statistical quality has been available. For this review, we developed a criteria list based on current evidence, but items were not weighed in terms of their opportunity cost; that is, the risk of taking the wrong decision. For example, failure to adequately handle missing data will affect the decisions more than evaluating cost differences using a Mann-Whitney U test. Therefore, we urgently recommend the development of a criteria list to assess statistical quality of trial-based cost-effectiveness evaluations including a weighing system that can be used by researchers, policy makers, reviewers and journal editors. Also, none of the most frequently used statistical software packages (e.g. SPSS, STATA, SAS, R) includes easy to use scripts for performing state-of-the-art trialbased cost-effectiveness evaluations. As such, authors are encouraged to (publicly) share their 'advanced' trial-based cost-effectiveness evaluations scripts.
Conclusion
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